Abstract. Paeoniflorin (PF) is the main active component of the commonly used Traditional Chinese Medicine peony, Paeonia Suffruticosa. PF has diverse biological functions and exhibits anti-oxidative, anti-inflammatory and anti-apoptotic activity. Inducible nitric oxide synthase (iNOS) is a catalyzing enzyme that is involved in the synthesis of nitric oxide (NO). NO has an important regulatory role in the cardiovascular, immune and nervous systems. PF has previously been demonstrated to inhibit the gene expression of iNOS. The present study aimed to identify a potentially novel cytoprotective function of PF, and to elucidate its effects against myocardial ischemic damage in a rat model of acute myocardial infarction (AMI). PF was able to significantly decrease the myocardial infarct size as well as the activities of creatine kinase (CK), the MB isoenzyme of CK, lactate dehydrogenase and cardiac troponin T. In addition, in the PF-treated groups, the expression levels of tumor necrosis factor-α, interleukin (IL)-1β, IL-6 and nuclear factor-κB were markedly inhibited. Furthermore, treatment with PF inhibited the activities and protein expression levels of iNOS. Decreased caspase-3 and caspase-9 activities were also observed in the AMI rat model treated with various doses of PF. The results of the present study indicated that the cardioprotective effects of PF may be associated with the inhibition of inflammation and iNOS signaling pathways.
Introduction
Acute myocardial infarction (AMI) is a type of myocardial ischemia caused by acute coronary and persistent hypoxic ischemia. AMI is associated with electrocardiographical changes, which may be complicated by cardiac arrhythmia, shock or heart failure, and are often life-threatening (1) . AMI causes initial structural changes to the infarcted and non-infarcted areas of the heart, followed by expansion of the ventricles, resulting in cardiac dysfunction (2) . The formation of myocardial fibrosis and scar tissue following AMI is an important pathological alteration that induces heart failure. The formation of the myocardial scar is associated with the speed of myocardial ischemia, size and location of infarct-associated vessels, and the presence of reperfusion (3) . Surrounding the infarcted area and in the area away from normal tissue, ventricular reconstruction is conducted to maintain cardiac output and to lower wall tension. This adaptation process includes left ventricular dilatation, left ventricular hypertrophy, myocardial cell hypertrophy and fibrosis of the intercellular matrix. Previous pharmacological studies have indicated that numerous types of cardioprotective drugs treat cardiovascular disease via anti-inflammatory and anti-oxidant signaling pathways (4) .
Recently, an upregulated inflammatory response was identified as being essential for the pathophysiology of AMI (5) . Overexpression of inflammatory cytokines have been identified in the adipose tissue of rat models of AMI, including tumor necrosis factor-α (TNF-α), interleukin (IL)-1β and IL-6 (6). Furthermore, TNF-α has been shown to be overexpressed in the muscle tissue of obese humans or mice (7) . TNF-α is able to increase the phagocytosis of neutrophils, promote the secretion of IL-1 and IL-6 by endothelial cells, and strengthen the adhesion of neutrophils and endothelial cells, thereby stimulating local inflammatory expansion and the response to AMI (8, 9) . Of note, TNF-α is responsible for mediating the cytoprotective effects through nuclear factor (NF)-κB. Since NF-κB mediates cytoprotective responses, NF-κB activation is considered to exhibit cytoprotective effects in AMI (2) . Accordingly, the upregulation of anti-inflammatory signaling pathways may have cardioprotective effects in rats following AMI.
Furchgott et al (10) and Palmer et al (11) demonstrated that vascular endothelial cells are able to synthesize and secrete endothelium-derived relaxing factor, which is also known as nitric oxide (NO). NO is produced in a multi-step oxidation and reduction reaction in which l-arginine is catalyzed Paeoniflorin ameliorates acute myocardial infarction of rats by inhibiting inflammation and inducible nitric oxide synthase signaling pathways by nitric oxide synthase (NOS) and reacts with oxygen molecules. NOS can be broadly divided into two types: Constructive nitric oxide synthase and inducible nitric oxide synthase (iNOS). iNOS is expressed not only in immune cells, including macrophages and neutrophils, but also in fibroblasts, keratinocytes, endothelial cells and vascular smooth muscle cells (12) . Excessive NO is usually accompanied by inflammation and immune disorders, pain, neurological disorders, atherosclerosis and cancer (13) . Following myocardial infarction in mice, increased expression levels of iNOS have been detected, which results in the induction of excessive NO, decreased cardiac function and increased mortality (14) . Therefore, iNOS inhibitors may be used clinically in order to reduce iNOS expression and decrease NO production. iNOS and NO exist in the cytoplasm of all tissues, which is one of the important indicators for AMI diagnosis. Therefore, it was hypothesized that inhibiting the iNOS signaling pathways may have a cardioprotective effect in a rat model of AMI (15) . Paeoniflorin (PF) is a monoterpene glycoside compound. Recently, PF has been shown to increase the levels of superoxide dismutase and reduce the malondialdehyde content in ischemic brain tissue (16) . PF has a significant anti-inflammatory effect, which can reduce the abnormally increased phagocytic function of peritoneal macrophages in models of rheumatoid arthritis and lower the levels of TNF-α, IL-1 and IL-6 (17, 18) . Previous studies have also demonstrated that PF is able to inhibit the gene expression of iNOS (17, 19) . However, whether PF can ameliorate AMI in rats remains to be elucidated. Since PF has a critical role in the protection against ischemic insults, the present study hypothesized that PF may provide a potential therapeutic target for cardioprotection. Therefore, the present study aimed to determine the cytoprotective effects of PF in a rat model of AMI, and to further explore the potential underlying mechanisms.
Materials and methods
Ethical approval. All of the experimental procedures of the present study were approved by the First Affiliated Hospital of Dalian Medical University (Dalian, China). The present study was performed in accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health (Bethesda, MD, USA).
Experimental animals. A total of 30 Sprague-Dawley rats (8-10 weeks-old; weighing 250-300 g) were purchased from the Experimental Animal Center of The First Affiliated Hospital of Dalian Medical University (Dalian, China), housed under a 12 h/12 h dark and light cycle, at 23±1˚C with a relative humidity of 50%. The rats were allowed to acclimatize in plastic cages with ad libitum access to food and clean drinking water.
Animal models. All experimental rats were subjected to surgery following anesthesia with sodium pentobarbitone [40 mg/kg intraperitoneally; Tiangen Biotech (Beijing) Co., Ltd., Beijing, China]. The rats were bound to a rat table, and under anesthesia, the trachea of each rat was separated, intubated and artificially ventilated with a respirator (S9 VPAP ST; ResMed Inc., Bella Vista, NSW, Australia) at a tidal volume of 4-5 ml per breath.
Needle electrodes were connected to a normal electrocardiogram device (ECG1200G; Contec Medical Systems Co., Ltd., Qinhuangdao, China). The device was subcutaneously penetrated into four limbs of the rat via a transducer attached to a multi-channel recorder. A left sternal border thoracotomy was performed between the third and fourth intercostal spaces. The pericardium was removed, separating the heart and blood vessels on the left ventricular surface. The left anterior descending coronary artery was ligated below the left atrial appendage, using a 1-2 mm 5-0 silk suture. Penicillin and streptomycin were then injected into the rats, in order to prevent infection. The rat model of AMI was prepared by ligation of the left anterior descending coronary artery. A total of six rats underwent a sham surgery, which involved the identical surgical procedure without the coronary artery ligation. A total of 24 rats successfully underwent the experimental surgery. Successful establishment of the AMI model was confirmed by regional cyanosis of the myocardial surface, which was represented by ST-segment elevation (SPR-838; Millar Instruments, Houston, TX, USA) and analyzed using analysis software (PVAN 2.9; Millar Instruments) (20) .
Group design and drug administration.
The chemical structure of PF is presented in Fig. 1 . PF (Sigma-Aldrich, St. Louis, MO, USA; 98% purity; 5, 10 and 20 mg/kg) was dissolved in physiological saline. The 30 rats were randomized into five groups, each containing six rats: Sham group, Vehicle group and PF treatment groups (various doses of PF were used: 5, 10 and 20 mg/kg) (21) . The sham group was the control group that did not undergo the coronary ligation. The vehicle group underwent the AMI procedure prior to injection with the same volume of physiological saline (Luye Pharma Group Ltd., Dalian, China). The PF treatment groups underwent the AMI procedure prior to injection with PF through the tail vein. PF and physiological saline were injected for seven consecutive days. The dosage and dosing frequency were determined on the basis of a previous study (22) . The rats underwent the coronary ligation 30 min after the last administration.
Infarct size measurement. Rats were anesthetized by injecting chloral hydrate. All experimental rats were sacrificed by decapitation. The hearts were immediately cannulated via the aorta and washed with physiological saline. Six hours after the coronary artery was ligated, the left ventricles were incubated at -80˚C for 5 min, and then sliced into 2-mm sections. Infarct size was estimated as a percentage of area at risk following an the incubation with 2,3,5-triphenyltetrazolium chloride (1.5%; Sigma-Aldrich) (23, 24) . The area of the heart without color indicated ischemic heart muscle, whereas the area stained brick red indicated normal myocardium. The size of the infarct area was measured by the volume and weight as a percentage of the left ventricle.
Measurement of creatine kinase (CK), MB isoenzyme of CK (CK-MB), lactate dehydrogenase (LDH) and cardiac troponin (cTnT) levels.
Rat serum samples were taken from the vena cava 6 h after the ligation of the coronary artery. The samples were centrifuged at 3,500 x g for 5 min in order to determine the levels of myocardial-specific enzymes: CK, CK-MB, LDH and cTnT. The CK activities were determined using a creatine kinase assay kit (cat. no. A032; Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The activities of CK-MB and serum cTnT were quantified by CK-MB and cTnT ELISA (cat. nos. ARB10700 and ARB13662; Rapidbio, West Hills, CA, USA). A colorimetric assay was used to analyze the activities of LDH, according to the manufacturer's instructions (Nanjing Jiancheng Bioengineering Institute, China).
Measurement of NF-κB, TNF-α, IL-1β and IL-6 levels.
Following the 3-h ischemic period, whole blood samples were allowed to clot in a serum separator tube for 30 min. The serum samples were then centrifuged at 1,000 x g for 25 min, and were maintained at -80˚C until further use. For the measurement of the serum levels of NF-κB, TNF-α, IL-1β and IL-6, a commercially available ELISA kit was used (Uscnlife, Wuhan EIAab Science Co., Ltd, Wuhan, China), according to the manufacturer's instructions.
Western blot analysis for the detection of iNOS protein.
Western blot analysis was performed for the detection of iNOS protein expression (25) . Proteins were extracted from the cardiac samples, which had been stored at -80˚C. Briefly, the samples were homogenized in ice-cold lysis buffer [Tiangen Biotech (Beijing) Co., Ltd.] . Following centrifugation at 13,200 x g for 20 min at 4˚C, the supernatant was collected and total protein levels were quantified using a bicinchoninic acid (BCA) protein assay kit (Beyotime Institute of Biotechnology, Haimen, China). Protein samples (50-70 µg) were then separated by SDS-PAGE (BeastBio, Shanghai, China) and transferred onto nitrocellulose membranes (Millipore Corporation, Bedford, MA, USA). The membranes were blocked with 5% non-fat milk (Yili Group., Hohhot, China) and 0.1% Tween 20 [Tiangen Biotech (Beijing) Co., Ltd.] in 10 mM Tris-HCl (Invitrogen Life Technologies, Carlsbad, CA, USA) for 1-2 h at room temperature, and then incubated with anti-iNOS (cat. no. 2982; 1:500; Cell Signaling Technology, Inc., Danvers, MA, USA) and anti-β-actin (cat. no. sc-47778; 1:2,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), at 4˚C overnight. After three washes with Tris-buffered saline containing Tween 20, the membranes were incubated with horseradish peroxidase-labeled goat anti-rabbit immunoglobulin G (1:5,000; Santa Cruz Biotechnology, Inc.) at room temperature for 2 h. The bound antibodies were visualized using an enhanced chemiluminescence system (Pierce Biotechnology Inc., Rockford, IL, USA) and exposed to X-ray film. β-actin was used as an internal reference for relative quantification. The expression levels of each sample were analyzed using Image-Pro plus software 6.0 (Media Cybernetics, Inc., Rockville, MD, USA).
iNOS activity assay. iNOS activity in the ischemic myocardium was determined using an NOS assay kit (Nanjing Jiancheng Bioengineering Institute) (26) . Myocardium samples (100-120 mg) were separated from the anterior wall of the left ventricle and placed in a centrifuge tube, alongside ~10 volumes of ice-cold phosphate-buffered saline (pH 7.4; BeastBio). The tissue was homogenized for 1-2 min on ice and centrifuged at 1,200 x g for 15 min at 4˚C. The supernatant was collected and stored at -80˚C until further use. The protein concentration was measured using a BCA assay. The supernatant was then incubated with 0.6 ml reaction buffer and 1 mmol/l ethylene glycol tetraacetic acid (BeastBio) for 15 min at 37˚C. iNOS activity was determined using the plate reader (Infinite M200; Tecan, Männedorf, Switzerland) by measuring the absorbance at a wavelength of 530 nm.
Caspase-3 and caspase-9 activity assays. Caspase-3 and caspase-9 activities were measured by cleavage of chromogenic caspase substrates, acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-deVd-pnA), caspase-3 and caspase-9 substrate. The activities of caspase-3 and caspase-9 were determined using caspase-3 and caspase-9 colorimetric assay kits (Beyotime Institute of Biotechnology), according to the manufacturer's instructions. Cardiac cytosolic protein (~50 µg) was incubated in a solution buffer at 37˚C for 30 min. The caspase reaction was then initiated by adding 2 mM Ac-DEVD-pNA, and the samples were incubated at 37˚C for 4 h. The change in fluorescence (excitation, 400 nm) was detected at a wavelength of 405 nm.
Statistical analysis. All data were analyzed by SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA) and are presented as the mean ± standard deviation. Differences were analyzed by one-way analysis of variance, followed by Dunnett's test for individual comparisons between each group. P<0.05 was considered to indicate a statistically significant difference.
Results

Infarct size in a rat model of AMI.
The infarct size in the vehicle group was 42.15±2.11%. Following treatment with PF (5, 10 and 20 mg/kg), the infarct size was significantly reduced to 34.86±1.61% (P<0.01; n=6), 31.94±1.79% (P<0.01; n=6) and 27.43±1.89% (P<0.01; n=6), respectively, as compared with that in the vehicle group (Fig. 2) .
CK, CK-MB, LDH and cTnT levels in a rat model of AMI.
The levels of serum CK, CK-MB, LDH and cTnT in the sham, vehicle and PF-treated (5, 10 and 20 mg/kg) groups are summarized in Table I . The levels of CK, CK-MB, LDH and cTnT were significantly increased in the serum of the operated rats (P<0.01, n=6), as compared with those in the sham group. Pre-treatment with PF at 5 mg/kg (P<0.01; n=6), 10 mg/kg (P<0.01; n=6) and 20 mg/kg (P<0.01, n=6) markedly reduced the levels of CK, CK-MB, LDH and cTnT in the serum of the AMI rat model as compared with those in the vehicle group.
TNF-α, IL-1β, IL-6 and NF-κB activities in a rat model of AMI.
In order to corroborate the effects of PF on the inflammatory mediators in a rat model of AMI, the activities of NF-κB, TNF-α, IL-1β and IL-6 were evaluated (Fig. 3A-D) . NF-κB activity was enhanced in the vehicle group to 56.11±3.28 ng/mg protein (P<0.01; n=6), as compared with 11.8±1.03 ng/mg protein in the sham group (Fig. 3A) . Following treatment with PF (5, 10 and 20 mg/kg), NF-κB activity was markedly decreased to 38.21±2.29 (P<0.01; n=6), 32.25±2.89 (P<0.01; n= 6) and 29.18±3.01 ng/mg protein (P<0.01; n=6) respectively, as compared with that in the vehicle group (56.11±3.28 ng/mg protein) (Fig. 3A) .
Similarly, TNF-α activity in the vehicle group was markedly increased to 299.42±8.03 pg/mg protein (P<0.01; n=6) as compared with that in the sham group (66.87±6.32 pg/mg protein) (Fig. 3B) . In the PF treatment groups (5, 10 and 20 mg/kg), TNF-α activity was significantly reduced to 202.13±9.11 (P<0.01; n=6), 187.8±8.41 (P<0.01; n=6) and 175.32±6.32 pg/mg protein (P<0.01; n=6), respectively, as compared with that in the vehicle group (299.42±8.03 pg/mg protein) (Fig. 3B) .
Furthermore, IL-1β activity in the vehicle group was markedly elevated to 6.46±0.52 pg/mg protein (P<0.01, n=6), as compared with that in the sham group (2.22±0.28 pg/mg protein) (Fig. 3C ). In the PF treatment groups (5, 10 and 20 mg/kg), IL-1β activity was significantly decreased to 4.53±0.71 (P<0.01; n=6), 3.99±0.93 (P<0.01; n=6) and 3.78±0.62 pg/mg protein (P<0.01; n=6), respectively, as compared with that in the vehicle group (6.46±0.52 pg/mg protein) (Fig. 3C) .
In addition, IL-6 activity in the vehicle group was significantly increased to 5.89±0.32 pg/mg protein (P<0.01, n=6) as compared with that in the sham group (1.28±0.21 pg/mg protein) A B C D (Fig. 3D ). In the PF treatment groups (5, 10 and 20 mg/kg), IL-6 activity was significantly decreased to 4.01±0.31 (P<0.01; n=6), 3.89±0.33 (P<0.01; n=6) and 0.33±0.33 pg/mg protein (P<0.01; n=6) as compared with that in the vehicle group (45.26±0.65 pg/mg protein) (Fig. 3D) .
Protein expression levels of iNOS and iNOS activity in a rat model of AMI.
The protein expression levels of iNOS were determined in the rat model of AMI using western blot analysis. iNOS expression was detected in bands located at 130 kDa (Fig. 4A) . The protein expression levels of iNOS were significantly increased in the vehicle group (P<0.01; n=6), as compared with those in the sham group. In addition, the protein expression levels of iNOS were markedly decreased following treatment with PF at 5 mg/kg (P<0.01; n= 6), 10 mg/kg (P<0.01; n=6) and 20 mg/kg (P<0.01; n=6), as compared with those in the vehicle group (Fig. 4B) . Furthermore, iNOS activity in the vehicle group was markedly elevated to 61.35±2.23 ng l-citrulline/mg protein/30 min (P<0.01; n=6), as compared with that in the sham group (24.18±2.14 ng l-citrulline/mg protein/30 min) (Fig. 4C) . (Fig. 4C ).
Caspase-3 and caspase-9 activity in a rat model of AMI. A colorimetric analysis was conducted, and PF was shown to decrease the activity of caspase-3 (Fig. 5A ). Caspase-3 activity in the vehicle group was markedly increased by 6.26±0.18 (P<0.01; n=6), as compared with that in the sham group. In the PF treatment groups (5, 10 and 20 mg/kg), there was a marked decline in caspase-3 activity by 4.02±0.22 (P<0.01; n=6), 3.56±0.24 (P<0.01; n=6) and 2.89±0.31 (P<0.01; n=6) respectively, as compared with that in the vehicle-treated group (Fig. 5A) .
In addition, treatment with PF was able to decrease caspase-9 activity (Fig. 5B) . Caspase-9 activity in the vehicle group was significantly increased by 8.12±0.34 (P<0.01, n=6), as compared with that in the sham group. In the PF treatment groups (5, 10 and 20 mg/kg), there was a marked decrease in caspase-9 activity by 5.12±0.27 (P<0.01; n=6), 4.25±0.61 (P<0.01; n=6) and 3.99±0.58 (P<0.01; n=6), respectively, as compared with that in the vehicle-treated group (Fig. 5B) .
Discussion
PF is the main active component of the commonly used Traditional Chinese Medicine peony, Paeonia Suffruticosa, which exhibits anti-oxidative, anti-inflammatory and anti-apoptotic activities. Previous studies have demonstrated that PF is A B C able to significantly reduce the expression levels of NF-κB and B-cell lymphoma-2 in a dose-dependent manner (18, 19, 27) . PF has a protective effect on the blood-brain barrier after cerebral ischemia, local cerebral blood flow and brain edema. It has also been indicated that PF has a significant protective effect on focal cerebral ischemic injury. It has been suggested that PF may inhibit intracellular calcium and free radical overload, and improve cerebral vasomotor dysfunction caused by ischemia and anoxia. Furthermore, PF is able to protect the blood-brain barrier following cerebral perfusion during ischemia, and promote the recovery of cerebral blood flow in the early period of reperfusion. PF can also reduce iNOS, TNF-α, IL-β and IL-6 activation. The results of the present study demonstrated that treatment with PF had a cardioprotective effect in a rat model of AMI, which may be associated with modulation of inflammation and iNOS signaling pathways. The infarct size of AMI and the presence of myocardial specific enzymes (CK, CK-MB, LDH and cTnT) are regarded as important indices for assessing the cardiac damage caused by AMI. Numerous studies have indicated that CK, CK-MB and cTnT are widely spread over the cytoplasm of myocardial cells, and the activities of CK, CK-MB and cTnT in rats underwent AMI (27) (28) (29) . cTnT activity is a more sensitive and specific marker of AMI in rats, as compared with CK-MB (30) . The levels of LDH in the culture supernatant are a very sensitive and specific indicator for detecting AMI. However, LDH is a less sensitive and specific marker of AMI in rats, as compared with CK-MB, and has also been observed in non-cardiac conditions (31) . The present study demonstrated that treatment with PF was able to decrease the myocardial infarct size as well as CK, CK-MB, LDH and cTnT activities in a rat model of AMI, thus suggesting that PF exerts cardioprotective effects on AMI.
Recent studies have suggested that the inflammatory response has an important role throughout the development and progression of ischemic heart disease. It is well known that NF-κB, which is an inflammatory factor in cardiac tissues during AMI, is a transcription factor associated with various biological processes (32) . NF-κB-p65 is the primary trans-activating transcriptional activator of NF-κB and has regulatory functions in the inflammatory process (33) . Pro-inflammatory cytokines have been shown to be upregulated during AMI, with TNF-α, IL-1β and IL-6 being the most important (34) . Activation of TNF-α, IL-1β and IL-6 is modulated by NF-κB. TNF-α can increase the phagocytosis of neutrophils and also promote the secretion of IL-1β and IL-6 from endothelial cells. TNF-α, IL-1β and IL-6 are synthesized rapidly and released by immune cells in rat models of AMI. The results of the present study demonstrated that treatment with PF was able to attenuate the excessive activation of NF-κB and the release of TNF-α, IL-1β and IL-6 in a rat model of AMI. Previous studies have also suggested that PF may significantly reduce the expression of NF-κB, TNF-α, IL-1 and IL-6 (17, 27) . These findings indicated that treatment with PF may have a cardioprotective anti-inflammatory effect following AMI.
NOS is a catalytic enzyme which synthesizes NO, and NO is known to have a wide range of important physiological and pathological functions. NO has an important regulatory role in the cardiovascular, immune, nervous and digestive systems (35) . Due to the reactivity and short half-life of NO, numerous studies have focused on NOS. Although NO is able to maintain mucosal vasodilation and vascular permeability, excessive NO can also directly cause cell toxicity and lead to peroxidation, causing tissue damage. TNF-α, IL-1β, IL-6, and NF-κB are able to stimulate the cells in blood vessel walls to express iNOS, which is accompanied by the release of NO and a decline in vascular tension (36, 37) . These cytokines increase the catalytic activity of iNOS through transcriptional, post-transcriptional and translational regulation, and affect signal transduction pathways, in order to promote NO synthesis. Following myocardial infarction in mice, increased expression of iNOS has been detected, resulting in the induction of excessive NO, which decreases cardiac function and increases the risk of mortality. The results of the present study demonstrated that treatment with PF was able to reduce AMI-induced inflammation and iNOS signaling.
Recent studies have confirmed that the activation of caspase-3 and caspase-9 is critical in the course of intrinsic apoptosis (36) . The initiation of caspase-3 occurred at day 3, and was significantly increased until day 7. The expression levels of caspase-9 have previously been shown to be elevated 7 days after cardiac damage (38) . The results of the present study indicated that treatment with PF markedly reduced caspase-3 and caspase-9 activity. Furthermore, the activities of caspase-3 and caspase-9 were markedly reduced by PF treatment. In agreement with the findings of the present study, PF treatment was previously shown to significantly decrease caspase-3 and caspase-9 activity in Alzheimer's disease (39) .
In conclusion, the present study demonstrated that PF treatment was able to attenuate the damage caused by AMI. The cardioprotective effects of PF may be associated with inhibition of inflammation and iNOS signaling. The present study was the first, to the best of our knowledge, to identify the protective action and the potential protective mechanism of PF in a rat model of AMI. These results provided evidence that PF may be a potential cardioprotective agent for the treatment of AMI.
